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3 MATERIALS AND METHODS 
3.1 Overview 
In this chapter, details of magnesium-ferrite (MgFe2O4) preparation method and 
characterization is presented. The characterization techniques include Transmission 
Electron Microscopy (TEM) for atomic lattice and d-spacing study, Liquid N2 X- 
Photoelectron Physisorption for surface area and pore size distribution measurement, 
UV-Vis for band gap energy characterization, Field Emission Scanning Electron 
Microscopy-Energy Dispersive X-ray (FESEM-EDX) for surface morphology scanning 
and X-Ray Diffraction (XRD) for crystalline structure scanning. Moreover, some briefs 
related to the theoretical fundamentals and operational procedures of photocatalyst‟s 
characterization instruments are also available in this chapter. In addition, procedure of 
photoreaction experiment is also included in final section of the chapter. 
. 
3.2 Materials 
3.2.1 Chemicals 
The chemicals required are listed in the Table 3.1. With the exception to distilled water, 
all the chemicals will be procured from Sigma-Aldrich. The distilled water will be 
generated from Ultra-Pure Water unit which is available in the Analytical Laboratory, 
Universiti Malaysia Pahang (UMP).  
 
Table 3-1: List of chemicals. 
Chemical Purity Application 
Magnesium oxide 99.95+% Photocatalyst preparation 
Iron(III) oxide 98+% Photocatalyst preparation 
Distilled water 100% Photocatalyst preparation 
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3.2.2 Gases 
The gases required in the study are listed in Table 3.2. All the gases are supplied by Air 
Product. Table 3.2 also lists the purity and their specific applications. 
 
Table 3-2: List of gases. 
Gases Purity Application 
N2/He mixture N2=30.03%, He=balance Liquid N2 physisorption analysis 
He > 99.996% Liquid N2 physisorption analysis 
N2 > 99.99% Liquid N2 physisorption analysis 
 
3.3 Photocatalyst Preparation 
Wet-impregnation method was employed in the current work to prepare MgFe2O4 
photocatalyst.  This method depends on an interacting occurring between the surface of 
support and species in solution (Ross, 2012). Pre-calculated quantities of MgO and -
Fe2O3 (stoichiometric ratio 1:2) were weighed and mixed thoroughly with distilled water. 
The slurry of mixture was then rigorously-stirred for 3 h at room temperature followed by 
oven-dried at 353 K for 6 h. Subsequently, it was calcined at 1173 K for 2 h in static air. 
The calcined solid powder was then ground for characterization and reaction study.  
3.4 Photocatalyst Characterization 
Photocatalyst characterization provides useful information on the physicochemical 
properties of the catalyst. The information from various characterization techniques is 
able to improve the understanding of the physicochemical attributes in relation to the 
photocatalytic performance. The following subsection describes the fundamental theory 
and concepts of these characterization techniques used in this work. 
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3.4.1 Transmission Electron Microscopy (TEM) 
 
Transmission Electron Microscopy (TEM) is a vital characterization tool for directly 
imaging nanomaterial to obtain quantitative measures of particle grain size, size 
distribution, and morphology. This equipment can image the transmission of a focused 
beam of electrons through a sample, forming an image in an analogous way to a light 
microscope (Figure 3.1).  However, because electrons are used rather than light to 
illuminate the sample, TEM imaging has significantly higher resolution than light-based 
imaging techniques. Amplitude and phase variations in the transmitted beam provide 
imaging contrast that is a function of the sample thickness (the amount of material that 
the electron beam must pass through) and the sample material (heavier atoms scatter 
more electrons and therefore have a smaller electron mean free path than lighter atoms). 
 
Figure 3-1: Schematic of a Transmission Electron Microscopy (TEM). 
 
Successful imaging of nanoparticles using TEM depends on the contrast of the sample 
relative to the background. It can be observed that the nano-particles were well-
dispersed in absolute ethanol by sonicating for 4 h before the analysis. Samples were 
prepared by putting a drop of nano particle dispersion on a copper grid with 400 mesh 
size and 3 mm diameter. Next, materials with electron densities with significantly 
higher than amorphous carbon are easily imaged. These materials included most metals, 
oxides and other particles such as polymer nanoparticles, carbon nanotubes, quantum 
dots, and magnetic nanoparticles. 
